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1 
I N T R O D U C T I O N 
2 
Recently organized media have been found to play a very 
important role as reaction media in controlling rates, product 
distributions and stereochemistry of a chemical reaction. 
Recently, much effort has been directed towards the use of 
organized media to modify reactivity, as compared to that in 
isotropic liquids, A major goal of such studies is to utilize 
the order of the medium so as to increase the rate and sele-
ctivity of the chemical process involved in much the same way 
that enzymes modify the reactivity of the substrates to which 
they are bound. Among the many ordered or constrained systems 
utilized to organize the reactants, the notable ones are 
micelles, microemulsions, liquid crystals, inclusion complexes, 
monolayers and solid phases such as adsorbed surfaces and 
cyrstals. In the current study micellar-media are considered 
as organized media. 
MICELLAR MEDIA : 
The characteristic properties of surfactants in solution 
which render possible their practical applications such as 
washing, cleaning, wetting, emulsifying, dispersing, and 
foaming depend in all cases on the tendency of these compounds 
to accumulate at interfaces between the solution and the adja-
cent gaseous, liquid, or solid phases . Surfactants, surface 
active agents, or detergents are amphiphilic, organic, or 
organometallic compounds which form association colloids or 
3 
micelles in solution. Amphiphilic substances, or araphiphiles, 
are molecules possessing distinct regions of hydrophobic 
(water-repelling) and hydrophilic (lipophilic or water-
attracting) character. The factor responsible for good surface 
activity, is the balance between lyophobic and lyophilic 
2 properties , Since the polarity of the distinct regions of 
these substances varies greatly, these substances have also 
been referred to as amphipathic, heteropolar, or polar-
nonpolar molecules. 
Depending on the chemical structure of the hydrophilic 
moiety bound to the hydrophobic portion, the surfactant may 
be classed as cationic, anionic, nonionic, or ampholytic 
(Zwitterionic). Preparation and purification of synthetic 
3 
surfactants in general have been reviewed . Naturally occu-
rring amphiphiles include simple lipids (e.g., carboxylic acid 
esters), complex lipids (e.g., fatty acid esters containing 
phosphorus, nitrogen bases, and/or sugars), and salts of bile 
acids such as cholic and deoxycholic acids, column, paper, 
and preparative thin-layer chromatography have been widely 
4-11 
used to purify lipids 
The most characteristic and thoroughly studied property 
of surfactant solutions is the cooperative self-association 
of the solute within a fairly narrow concentration range in 
dilute solution to form high-molecular weight aggregates 
known as micelles. This topic has been throughly considered 
4 
12—18 in several recent reviews . Depending upon the types of 
surfactant and solvent employed, araphiphilic surfactant 
molecules can assemble to form a variety of aggregated 
structures such as "normal" micelles, inverted "reverse" mice-
3 19—30 lies, or synthetic vesicles ' . The solute concentration 
at which micelle formation first occurs is known as the 
critical micelle concentration (CMC). It has long been 
established that there are quite abrupt changes in the concen-
tration dependence of a large number of physico-chemical 
properties at a particular concentration (Fig, 1); this led 
to the CMC concept. The reason why do micelles form may be 
explained by taking into account the changes occurring when 
a monomer is transferred from its aqueous environment into 
the micelle. On transferring the monomer into the micelle, 
the high energy of the hydrocarbon/water interface is lost, 
as the chain is now in contact with others of a like nature. 
Transfer of monomer into the micelle also means that the 
structuring of water around the hydrocarbon part of the 
monomer is lost, therefore, an ordered state has become a 
disordered one with regard to the water, implying a positive 
entropy change and a decrease in free energy. The factor 
opposing the micelle formation in ionized surfactants is 
rise in free energy due to electrical work and translational 
freedom losses due to incorporation of monomer into a micelle. 
This disordered to order transition gives a negative entropy 
change which will oppose the positive entropy changes occurring 
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6 
from loss of water structure. The overall decrease in free 
energy due to loss of hydrocarbon/water interfacial energy 
and water structure outweighs the free energy rise due to 
electrical work and translational freedom losses, giving a 
31 
remarkable tendency to micellise, Mukerjee and Mysels 
have compiled CMC data of various class of surfactants using 
different techniques. 
Depending upon the nature of the hydrophilic head 
group, micelles can have either cationic, anionic, zwitter-
ionic, or nonionic surfaces. Typically, the CMC's are in the 
0.01-10.00 mM range with each micelle consisting of 40-180 
monomers ' . The critical micelle concentrations of nonionic 
micelles are usually 100-fold smaller than those of ionic 
micelles containing comparable hydrophobic groups, and con-
sequently, nonionic micelles have higher micellar weights than 
ionic ones. 
Normal Micelles 
Aqueous solutions of surfactant molecules, at CMC, 
associate dynamically to form normal micelles. Such micelles 
2 32 33 
are thought to be roughly spherical * ' * A schematic two-
dimentional representation of an ionic spherical micelle is 
shown in (Fig. 2 a ) . The hydrophobic part of the aggregate 
forms the core of the micelle while the polar head groups are 
located at the micelle-water interface in contact with and 
hydrated by a number of water molecules. Results of light 
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8 
scattering, viscosity, diffusion, and ultracentrifugation 
studies on nonionic cetomacrogol micelles indicated their shape 
34 to be ellipsoidal with an axial ratio of 2:1 . Some water 
35 36 
molecules may be entrapped by the micelle ' and under certain 
circumstances part of the hydrocarbon chain may extend into the 
37 
aqueous phase . The amount of water in the micellar interior 
varies from surfactant to surfactant, but water is considered, 
at present, to penetrate the micellar surface only upto distances 
16 35 37 38 
Of approximately three to six carbon atoms ' ' ' . The 
interior, or core, of the micelle has generally been inferred 
39 16 40 to be hydrocarbon-like from esr and nmr ' spectroscopy and 
41 from the utilization of fluorescent probes 
Reversed Micelles 
Surfactants in non-polar solvents, in the presence of 
traces of water, associate to form the so called "reversed" or 
"inverted" micelles. The structure of the micelle is reversed, 
the polar head groups of the monomer being present in the centre 
of the micelle, and the hydrocarbon chains extending outwards 
into the solvent. Such micelles could be formed in presence of 
traces of water which forms a water pool in the interior of the 
micellar aggregate. The size and properties of reversed micelles 
vary with the amount of water present '^ "'•'^ '^ '^ .^ A possible 
structure of reverse micelle in a nonpolar medium is shown in 
Fig. (2b), 
The discontinuity in some physical property of the solution 
can be used to identify the CMC, and techniques such as light 
9 
scattering, ultracentrifugation, and viscosity are used to 
determine the size and shape of the micelle. Some techniques 
have been developed recently to determine the CMC include dye 
4243 44 45,46 
solubilization ' , water solubilization , nmr ' , 
47 4 2 4 8 4 9 
solubility , and surface tension ' ' . Additional methods 
18 
which have been used in the past have been compiled by Shinoda 
Mixed Micelles 
The formation of micelles from more than one chemical species 
gives rise to what are known as mixed micelles. In the simplest 
case, binary or ternary mixtures of surfactants of similar, but 
not identical chain lengths may be studied, and the thermodynamics 
of this type of micelle formation has been described ' . Clint 
developed an analytical description which included both micelle 
composition and monomer concentration above the mixed CMC for 
mixtures of nonionic surfactants. Clint's treatment assumed ideal 
mixing in the micelle. Furthermore, the expression of Lange and 
51 52 Clint ' for the CMC values of mixtures of nonionic surfactants 
has been experimentally verified for cases where ideal mixing 
51 52 
might be expected ' . The properties of the mixtures of an 
53 54 
anionic surfactant and a nonionic surfactant ' , and cationic 
55 
and nonionic surfactant have been interpreted with the aid of 
5 7 
mixed micelle formation between the surfactants. Lange and Beck , 
and Clint pointed out that the CMC of the mixed micelles is 
lowered more than that of the single surfactant. 
Another class of mixed micelles results when low-molecular-
weight molecules are solubilized by micelles formed from surfa-
ctants containing a relatively larger non-polar side chain. The 
solubilized substance, also called a penetrating additive , 
57 ^ft 
may be located in the hydrocarbon core or the hydrophilic mantle? 
10 
FACTORS AFFECTING CRITICAL MICELLE CONCENTRATION AND 
MICELLE SIZE 
Hydrocarbon Chain Length and Structure 
The critical micelle concentration and micelle size 
depends on the length of the hydrocarbon chain. Generally, 
the CMC decreases as the hydrocarbon chain length increases. 
For the same head group, compounds containing longer hydro-
carbon chains form micelles at lower concentrations than 
those containing short chains. For a homologous series of 
surfactants, the CMC is related to the number (m) of carbon 
atoms in a straight hydrocarbon chain by 
log CMC = A - Bm (l) 
where A, B are constants for a homologous series and values 
32 
of these constants were listed by Shinoda . Lengthening of 
the hydrocarbon chain causes an increase in the micelle size 
and aggregation number. 
The position of the head group in hydrocarbon chain 
also affects the CMC. The closer the head group to the centre 
of the chain, the higher the CMC, due to the two branches of 
the chain partially shielding one another. The presence of 
double bond in the chain also causes an increase in CMC. 
11 
Temperature 
For ionic detergents the CMC first decreases with incr-
easing temperature at low temperatures and increases at high 
59 temperatures , Decrease in CMC in the low temperature range 
is probably due to desolvation of parts of the monomer which 
make it more hydrophobic. The CMC increase is due to thermal 
agitation of molecules resulting in a decreasing adhesion 
between monomers and shifting the equilibrium in favour of 
the monomeric species. 
For nonionic detergents the CMC decreases with increa-
sing temperature ' . Meguro et al.j observed linear rela-
tion between log CMC and the reciprocal of temperature. The 
micelle size of ionic detergents decreases , and that of 
nonionic detergents increases with increase in temperature. 
Pressure 
The CMC has been found to increase upto a pressure of 
1,000 atmospheres and decrease with further increase of 
pressure ' . It has been suggested that the soap molecules 
when present in the micelle are in a more expanded condition 
than when present as the monomers in solution, so that the 
initial effects of pressure tend to compress the micelle and 
mitigate against the increased freedom of the monomer in the 
micelle, thus giving a rise in CMC. The decrease in CMC on 
increasing the pressure above 1,000 atmospheres may be due to 
12 
an increase in the dielectric constant of water, making less 
electrical work necessory to bring a monomer into a micelle. 
Additives 
Addition of polar and nonpolar additives to the solu-
tions of surfactants may alter the aggregation behaviour such 
as CMC, aggregation number, size and shape of micelles. 
(i) Effect of salts : 
The addition of salts decreased the CMC of ionic deter-
gents , presumably because the screening action of the 
simple electrolytes lower the repulsive forces between the 
polar head groups, and less electrical work is required in 
71 
micelle formation. The micelle size increases with increased 
salt concentration, due to the reduction in electrical repul-
sions affecting the balance of forces upon which the size of 
the micelle depends. The effective charge on the micelles, p 
(the number of charges per micelle), increases with salt 
concentration, but the actual degree of dissociation p/n 
remains roughly constant. 
For nonionic detergents, the addition of salts slightly 
71-74 74 
decreased the CMC and further increased at the higher 
salt concentration. The effect of salts may be due to a 
reduction in the hydration of the monomers, which increases 
their hydrophobicity, and consequently their tendency to 
13 
micellize. The effectiveness of salts in altering the CMC 
of nonionic surfactants approximately follows the lyotropic 
. 67,68 w v £ i ^ ^i 22,SQ,12,lb 
series , which for anions and cations respec-
tively, are 
^ SoJ"_> F"> C1''> CIO4 > Br"> NO^ > I~ > SCN" 
+ + + 1 2+ 
and Na > K > Li y ^ Ca 
(ii) Effect of Nonelectrolytes; 
Non-electrolyte additives like urea and its derivatives 
increases the CMC of ionic and nonionic surfacatants ' ' 
7 A 77 
Urea is generally believed to break the structure of water ' , 
and to decrease the structuring around the hydrocarbon chains, 
hence reducing the driving forces for micellization. This 
effect is generally greater for cationic micelles than for 
anionic micelles. The addition of urea to surfactant solutions 
containing a nonionic fluorine-labeled surfactants is reported 
78 to increase the micelle size , although it decreases the 
79 
micelle size for ionic sodium trifluoro dodecyl sulfate 
Addition of acetamide and formamide decreases the CMC of 
^ ^ 80 surfactants 
The addition of sucrose to nonionic surfactant solutions 
81 
was found to promote a small lowering of the CMC . Addition 
of sucrose to alkyl ammonium bromides increases the CMC at all 
temperatures, and the addition of glucose may promote either 
14 
CMC increase or decrease, depending upon the temperature. 
The hydrocarbon gases such as ethane and propane have been 
found to lower the CMC of dodecylamine hydrochloride and 
this effect increases with increasing chain length of 
hydrocarbons. 
(iii) Effect of solvents 
CMC of surfactants were found to lower in D_C than 
in H O ' . The suggestion was made that hydrophobic 
bonds may be expected to be stronger at 25 in D O than in 
H„0. Low concentrations of added alcohols reduce the CMC, 
but high concentrations tend to increase the CMC for nonionic 
c ^  ft 7 
and ionic surfactants ' .An increase in the CMC of Polyo-
77 
xyethylene nonylphenols and dodecyltrimethylammonium 
Q D 
bromide was observed on the addition of 1,4-dioxane, 
ethylene glycol, and methanol due to the increase of monomer 
solubility in additive-water mixture. It was found that 
micelles disappear by the addition of some organic solvents 
89 90 to aqueous solution of surfactants ' 
Thermodynamics and Theories of Micellization : 
Micelle formation and thermodynamics of micellization 
has been explained on the basis of various theories. Micelle 
formation has been treated mainly by applying the law of 
3 92 95 
mass action ' ' to the equilibrium between monomers and 
86 
15 
aggregates or by considering the micelle as a separate but 
91 93—95 
soluble phase ' . The law of mass action can be applied 
to the equilibritim between monatners, A , with a coun-
terion, B ", and monodisperse micelles, M, as 
n A~°'^ '^  + (n - m' ) B'^ °''" ^ =± M (2) 
where m' represents the concentration of free counterions 
(the degree of ionization, d. = n/m' ) . 
Neglecting the activity coefficients, the equilibrium 
constant, K^ is written as 
K = ^ (3) 
r.-or+in r +or--] n-m« 
Equation (3) is applicable to nonionic and zwitterionic 
micelles, when the counterion terms and charges are removed. 
The law of mass action treatment predicts the increase in 
the monomer concentration, although at reduced rate, above 
the CMC. It is incapable, however, of accounting for varia-
tions in aggregation n\imbers and it is inapplicable to 
multicomponent micelles and systems including solubilizates. 
The alternative approach to the thermodynamics of 
micelle formation assumes the formation of a pseudo or 
second phase at the CMC above which the concentration of 
monomers remains constant. The process of micellization 
involves the reversible aggregation of N amphiphile molecules. 
16 
(monomers, m) to form a micelle CM) given as 
Nm ;^  ^ M (4) 
Neglecting the activity coefficients, 
the equilibrixim constant of this process may be written 
as: 
K = J ^ j (5) 
At equilibrium we have : 
N Pm= PM (^ ) 
where p. and ju are the chemical potentials given as: 
u = 11° + RT In fml (monomer) (7) 
' m ' m ^ J 
Pj^  = p° + RT In [M] (micelle) (8) 
where p.^ and fi^. are the standard chemical potentials 
of monomers and micelles, respectively. 
From these relations the standard free energy of 
s micellization, A G , per monomer may be expressed a 
A G ° = RT In [m] - |2. In [M] (9) 
= RT In CMC + |2^ In N - |2^ In [M]* (10) 
where [M] = N [Mj_, and in equation (10), the concentration 
of monomers [m] was taken as critical micelle concentration, 
CMC^^. 
17 
The standard free energy of micellization AG° is the 
overall free energy change which involves free energy contri-
bution due to AGrt- (which will be negative) the transfer of 
the hydrophobic part of the amphiphile molecule from the 
aqueous medium to the micelle interior of aggregation nximber 
N, AG° (which will be positive) the free energy associated 
with the electrostatic charge repulsion of the polar head 
groups and AG° (which will be positive), the free energy 
change related to the hydration of the polar groups at the 
micelle-water interface. So AG can be expressed as 
AG° = AG° + AG° + AG° (11) 
In the case of nonionic micelles the term AG will be 
absent, while in the case of ionic micelles the opposing 
forces will be due to AG + AG . These opposing forces 
are responsible for the micelle having a definite size and 
have been reported to originate from the hydrophobic forces . 
In dilute solutions and when the aggregation numbers 
exceed 20-30 the free energy of micellization is approximated 
from equation (10) 
A G° = RT In CMC (12) 
The heat of micellization can be calculated ffom the tempera-
ture variation of the CMC.. 
A H ° = - R T ^ < ^ ^ ^ ) p (13) 
18 
The heat of micellization can also be obtained directly 
by caloriraetry method. The entropy of micellization can be 
obtained from the relation 
AS° = ( ^ "m • ^°m ) (14) 
T 
For low aggregation numbers the mass action model 
predicts less sharp and higher CMC values than the pseudo-
phase treatment. For relatively high aggregation numbers 
{>80), however, both treatments predict similar physical 
properties for micellization. 
Micellar Solubilization; 
The term micellar solubilization implies the formation 
of a thermodynamically stable, isotropic solution of a 
sxibstrate (the solubilizate), normally insoluble or slightly 
soluble in a given solvent, by the addition of a surfactant 
(the solubilizer). Solubilization is, of course, closely 
related to micellization since little or no solubility 
increase is observed until the CMC of the surfactant is 
reached, but once the micelles are fully formed the solubility 
of the substrate increases linearly with the concentration of 
the surfactant over a large range. The saturation concentra-
tion of the solubilizate which maintains a single isotropic 
solution is termed the maximum additive concentration (MAC). 
The determination of the MAC relies on the same basic physical 
and chemical measurements which are used for the determination 
of s o l u b i l i t y in general 
19 
33 
Depending upon the nature of the solute and organized 
surfactant system, a solute can "bind" different regions of 
the aggregated system. Figure-3 shows some of the solubili-
zation sites available for a solute in an aqueous normal 
micellar systera^^, A charged solute (A) would be electro-
statically repelled from the micelle surface if it were of 
the same charge-type as the ionic micelle while an oppositely 
charged solute (B) would be electrostatically attracted to 
the micellar surface. Nonpolar solutes (C) would partition 
to the outer parts of the more hydrophobic core region. 
Amphiphilic solutes (D) would attempt to align themselves so 
as to maximize the electrostatic and hydrophobic interactions 
possible between itself and the surfactant molecules. 
The nature of the solubilizate as well as that of the 
solubilizer and the solvent, the presence of additional polar 
or nonpolar substrates, and the temperature are the complex 
98 parameters which influence solubilization 
Structural Aspects of Surfactant Micellar Systems; 
Influence of Additives; 
Surfactant molecules can be considered as building 
blocks. Surfactant self-association in aqueous media is 
strongly cooperative and starts generally with the formation 
of roughly spherical micelles around the critical micelle 
2u 
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?•!?/•» 
CORE 
Fig. 3 A c ross sec t i on o f an a q u e o u s n o r m a l 
micel le w i t h d i f f e r e n t s o l u b i l i z a t i o n s i t e , 
A and B r e p r e s e n t same a n d oppos i t e 
c h a r g e so lu te to the mice l le wh i le C and 
D represen t the n o n p o l a r and a m p h i p h i l i c 
s o l u t e s . 
21 
concentration, CMC. When the surfactant concentration markdly 
exceeds the CMC, the shape of the spherical or ellipsoidal 
91 99 
micelle undergoes gradual changes ' . Figure-4, schematically 
shows various structures that are formed in the surfactant 
solution upon increasing the concentration of surfactant. The 
spherical micelles become cylindrical ones. Upon further 
increasing the concentration, there is a hexagonal packing of 
surfactant cylinders. If the concentration is still increased 
the lamellar structures are formed. Upon further addition of 
surfactant, the lamellar structures are converted to a hexa-
gonal packing of water cylinders. Upon addition of oil and a 
short-chain alcohol, one can convert such water cylinders into 
water-in-oil microemulsions. 
It is possible to induce a transition from one structure 
to another by changing the physicochemical conditions such as 
temperature, pH, addition of ionic and nonionic solutes, in 
the surfactant solution ' ~ . The rod shape structure 
fits the results for dimethyldodecylamineoxide micelles in 
102 
salt solutions at low pH values . For ionic surfactant 
systems, micellar growth increases very strongly with decrea-
sing temperature, with increasing counterion size (Cl~, Br~,I~) 
and with the addition of salts ~ . For nonionic micelles, 
raising the temperature favours micellar growth 
22 
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Since micelles are dynamic structures comprising a 
liquid core it is probably unrealistic to regard them as rigid 
98 
structures with a precise shape . The shape and size of these 
micellar aggregates can in principle be determined by vario\is 
methods, such as light scattering ' ' , diffusion, 
sedimentation velocity, sedimentation equilibrivim ' , 
111 71112 
ultrasonic absorption , tirae-resolved fluorescence ' 
etc. Viscometric technique has been used in a number of experi-
Q9 104 105 113-115 
mental investigations^ ' ' • ^ ' - ^ of mocellar solutions 
both because of its simplicity and its sensitivity to detect 
changes in the size of the anisotropic micellar cylinders. 
The sphere-to-rod transitions of ionic and nonionic micelles 
have been studied by a number of workers^ '^^ '^^ °^ ~-^ °^ '•'•°"^ ~-'-^ .^ 
Sphere-to-rod transition observed by an anisotropy in the 
116 
electrical conductivity . For sodium Dodecyl Sulfate and for 
a series of catioinic surfactants in NaCl solutions a sharp 
break in apparent micelle molecular weight is observed when 
the NaCl concentration reaches a value of 0.45 M and the 
break point would correspond to the sphere-to-rod transi-
117 118 tion ' . The micellar sphere-to-rod transition is highly 
dependent upon the nature of the counterions and was concluded 
that strong counterion binding promotes the transition from 
small spherical to cylendrical miceller"'"^ '^"'""'•^ . 
24 
Temperature affects the sphere-to-rod transition. The 
viscosity of the cylindrical micellar solution decreases with 
the increase in temperature due to the breaking up of the 
105 
cylinders to smaller aggregates . Decrease in micellar size 
with temperature at high concentrations of electrolytes has 
, ^ , , , ,^ 105,120,121 
been reported by various authors 
Importance of Micellar Solutions; 
Micellar solutions are known to increase the solubility 
3 33 
of slightly soluble or insoluble organic compounds in water ' 
Micellar solutions are used extensively in synthetic, analytical, 
pharmaceutical and industrial chemistry. Micellar systems can 
provide environments, in which molecules can undergo reactions, 
quite different from those of simple aqueous systems. Large rate 
enhancements as well as selectivity in micellar media have been 
3 33 
reported by several authors ' . The changes in the micellar 
122 
structure have pronounced effects on micellar catalysis 
Several reports on the structures of micelles of cetyltriraethyl-
56 99 
ammoniumbromide (CTAB) have recently appeared ' , and this 
micelle has been used to catalyse a variety of reactions 
Recent studies on application of micellar solutions in 
industry and technology, viz. electronic printing, high-
technology electronic ceramics, magnetic recarding, macro-
electronics, non-conventional energy production, novel polution 
control methods, and novel separation techniques have been revie-
125 
wed , Micellar enhanced chemiluminescence techniques have been 
25 
126 127 
used for the determination of hydrogen peroxide ' , a 
128 129 
multitude of metal ions , and the analysis of organic 
reductants . Micellar solutions of various surfactants 
have been employed as injection fluids to improve oil recovery 
91 during the tertiary oil recovery process 
It is clear that, in addition to their function in 
areas of commercial interest, surfactants play a major role 
in the effective accomplishment of life processes, such as 
adherence and food emulsification in microorganisms and 
surface tension in the mammalian lung. Surface active agents 
are also used in pharmaceuticals and agricultural preparations. 
These surface active agents may influence the biological 
efficacy of the drug or pesticide. Many poorly soluble drugs 
and pesticides are administered in a solubilized form using 
micellar solutions in order to increase the bioavailability 
and targetting to the site of action. Certain surfactants 
have the ability to increase the permeability of some bacterial 
cell walls, and hence are synergistic with some antibacterial 
agents, 
It should be clear from the above literature that 
micellar media have attracted wider attention than any other 
media in recent years, with specific and judicious choice of 
media, chemical transformations can be carried out more 
swiftly, under milder conditions with higher yields and fewer 
26 
by-products and if necessary with good stereo and regio-
chemical control. 
As we have seen earlier that the structural changes in 
the organized media are sensitive to the conditions under 
which they are prepared. A study of transition of one struc-
tural state to another is very important from their practical 
application point of view. In order to study such systems in 
detail we have identified the formation of more stable rod 
shapped micellar media even at low concentrations of CTAB 
in presence of bromide coxinterions. Such structural changes 
have been studied by viscosity measurements of aqueous 
cetyltrimethylammoniurobromide (CTAB) solutions inpresence 
of 0.1 M KBr and also inpresence of low concentrations of 
n-alcohols. Additionally, the effect of temperature on the 
viscosities of the aqueous CTAB solutions inpresence of 
0.1 M KBr and n-alcohols has been studied. The activation 
free energies (AG ), enthalpies (AH ) and entropies (As ) 
of the viscous flow has been calculated. 
27 
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(a) Materials; 
Cetyltrimethylammonlxim bromide (CTAB) from E. Merck 
(98.5%) was recrystallized twice from Acetone. The surfactant 
was dried after filtration in a hot air oven at 50°C. The 
purity of the surfactant was ascertained from the absence of 
minimum in the surface tension versus lagarlthm of concentra-
tion plots. KBr from E. Merk was Ignted for one hour and was 
kept in a desiccator till use. 
The alcohols, viz, ethanol, n-Propanol n-butanol, and 
n-hexanol were obtained from BDH (99% Pure) while n-Pentanol 
was a Riedel Product (99%). All alcohols were used as supplied. 
Ordinary water was first demineralized by passing through an 
ion-exchange column. It was distilled twice in presence of 
alkaline permanganate in an all quick fit Pyrex glass assembly. 
The specific conductivity of water was about lxlO~ to 2xlO~ 
ohra~ cm~ . water equilibrated with atmosphere carbondioxide 
was used throught the work. 
(b) Preparation of solutions; 
0.1 M CTAB in 0.1 M KBr solution was prepared by weighing 
required amounts of CTAB and KBr in a single volumetric flask 
in distilled water. The solution thus obtained was used as a 
stock solution or a solvent to study the effect of alcohols on 
its properties. The concentration of mixed solvent was fixed 
29 
throughtthe work. Different solutions of alcohols were prepared 
in mixed solvent (0.1 M CTAB + 0.1 M KBr) and the concentra-
tions of alcohols were calculated as moles per kg. mixed 
solvent. 
(c) Viscosity measurements: 
The viscosities of the solutions were measured in an 
Ubbelohde viscometers immersed in a thermostated bath. The 
relative viscosity of a solution was calculated using the 
relation: 
_ _t_ 
'o o 
Where ^^  and iQ, are the viscosities of solution and 
solvent respectively at the experimental temparature, t and t 
are the flow times for a fixed volume of solution and water 
respectively. Density corrections were not made since it was 
113 found that these were negligible . Micellar transition from 
larger aggregates to smaller ones were studied by temperature 
variation of viscosities of the systems. Viscosity measurements 
were made at 25, 30, 35 and 40°C. 
3U 
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It is well Icnown that the viscosity of inicellar solutions 
is highly dependent on the micellar size. High viscosities 
observed for surfactant solutions in presence of salts have 
104 been interpreted in terms of rod shaped micelle formation ' 
105,113-115^ However, no work seems to have been done on the 
effect of linear chain alcohols on the formation of these 
structures. Viscosities of micellar solutions presented in 
this dissertation have been found to be highly dependent upon 
temperature, chainlength and concentration of additive alcohols, 
Measured relative viscosities of 0.1 M CTAB + 0.1 M KBr 
in water and in presence of various concentrations of 
n-alcohols at different temperatures are tabulated in table-I. 
Plots of In (rj/rj ) versus concentration of alcohols are shown 
in figure-5. From figure-5, it may be seen that the relative 
viscosities of micellar solutions in presence of butanol and 
pentanol increase abruptly to a certain optimum value and then 
decrease with increasing alcohol concentration. Viscosity 
increments at low concentrations of higher alcohols (C.-C^) 
4 6 
can be interpreted in terms of formation of large micellar 
aggregates due to their incorporation in the micelles. Decrease 
in viscosity of micellar solution with further addition of 
butanol and pentanol (see fig. 5) result due to the breaking 
of larger aggregates to small rods. However, in case of 
1-butanol the small rods may further break into spherical 
32 
Table I 
Relative Yiscosities of O.IM CTAB + O.IM. KBr in presence of 
n-alcohols at different temperatures 
Alcohol 
-
Ethanol 
n-Propanol 
n-Butanol 
n-Pentanol 
n-Hexanol 
Alcohol 
Concentrati 
(mol kg" ) 
0 
0.1 
0.5 
1 
2 
0.01 
0.05 
0.1 
0.15 
0.5 
1 
0.01 
0.05 
0.1 
0,5 
0.01 
0.05 
0.1 
0.25 
0.3 
0.01 
0.05 
0.06 
on ^ 
25°C 
7.5 
7.417 
4.028 
2.294 
1.483 
7.5 
7,839 
8.16 
7.4 
3.55 
1.456 
8.67 
25.81 
58.64 
2.222 
22.31 
1079.15 
1199.5 
20.7 
Terbid-
79.95 
Very high 
Very high 
Relative Viscosities 
30°C 
3.58 
3.518 
2.325 
1.633 
1.416 
3.59 
3.88 
4.17 
3.867 
2.181 
1.361 
4.27 
9.55 
15.928 
1,747 
8.48 
229.54 
381.33 
13.9 
9.313 
22.55 
1808.0 
3463.0 
35°C 
2.097 
2.123 
1.568 
1.316 
1.355 
2.17 
2.28 
2.29 
2.27 
1.484 
1.297 
2.48 
4.12 
5.84 5 
1.49 
3.94 
42.9 
105.6 
10.148 
7.387 
8.0 
544.6 
992.3 
(•^ /-^ o) 
4 0°C 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~ 
11.02 
30.85 
6.879 
5.44 
— 
170.7 
298.9 
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• absence of alcohol 
o ethanol 
L propanol 
A butanol 
Q pentanol 
Concentration of atcohol/( mol kg ) 
Fig. 5 Logarithms of relat ive viscosities of 0-1M CTAB + 0-IM KBr solutions 
as a funct ion of added n - alcohols at 298-15 K 
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micelles at still higher concentration of alcohols. In case 
of additive hexanol no such fall of viscosity has been 
observed at high concentration of alcohol. This indicates 
that alcohols with chain length longer than Cg do not promote 
the formation of small aggregates however, they do promote a 
growth of rods in presence of electrolytes. A similar behaviour 
has been reported by light scattering and electric birefringent 
techniques for dodecyltrimethiammoniumbromide in presence of 
132 
sodium salicylate 
From figure-5, it may also be seen that the addition of 
ethanol and 1-propanol upto about 0.1 M concentration,do not 
effect the viscosity of raicellar solutions. However a gradual 
decrease in viscosity could be observed at high concentra-
tions of alcohols. This indicates that at low concentrations 
the shorter chain alcohols do not affect the shape and size 
of the aggregates whereas at higher concentrations the rod 
shape micelles are broken to smaller aggregates and the 
viscosity of the solutions finally corresponds to the viscosity 
of the spherical micelles. This is because of the fact that 
lower alcohols which are partitioned more in aqueous phase 
87 
are known to affect water structure and break larger 
micelles into smaller ones. These alcohols are also adsorbed 
at the micellar interface. This adsorption is believed to 
lower the interfacial tension of the micelles so much that 
35 
the thenaal energy can break the rods upto spherical micelles 
A possible explanation to the appearance of maxima in 
In {r\/^ ) versus concentration plots may be given as follows. 
Additives such as n-alcohols with higher chainlength which 
are surface active to a hydrocarbon water interface, are 
mainly solubilized at the micellar surface. The chains in 
the longer chain alcohols are incorporated into the micellar 
interior, whereas the hydroxyl groups remain anchored at the 
interface. Such type of solubilization is regarded as an 
adsorption and these additives have been found to promote the 
133 
micelles to larger aggregates . Aliphatic n-alcohols with 
longer alkyl chains have also been reported to form mixed 
C f. 
micelles with ionic surfactants 
Rod to sphere transitions of CTAB micelles in presence 
of KBr and alcohol have been studied by the temperature 
dependence of vicous flow. Plots of In {^/Vo ) versus 1/T 
for micellar solutions in presence of different alcohols are 
shown in figures 6(a) to 6(e). The observed linearty of the 
In Cn/Vo ^ versus 1/T plots was interpreted in terms of 
equationl34-136 
In iV/rj^) r^ In A + (E /RT) (15) 
a 
where A is a constant and E^ would be the activation energy 
for viscous flow. However, McAllister^ "^ *^  using the Eyring 
theory of viscositiesl38 ^ ,_ ,. 
, proposed that the E in Eq. (15) 
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roust correspond to an activation free energy term ( AG ) 
rather than a pure enthalpic or internal energy of activa-
tion for the viscous flow. Equation (15) can then be 
expressed as: 
In iV/Vo) = In A + AG*/RT (16) 
Since the densities of the solutions were very close 
to unity hence by neglecting kinematic corrections the 
* 
activation free energy, AG , values were calculated from 
the slopes of straight lines shown in figures 6(a) to 6(e). 
* 
Calculated AG values and correlation coefficients for the 
linear variation of In {V/Vo ) with 1/T are tabulated in 
table-II. 
* 
Activation enthalpy, A H , for the viscous flow was 
calculated from the temperature dependence of AG by using 
the well-known equation; 
AG AH ^^* ,,^ , 
—TT- = -T;;— - AS (17) 
°^  3( AG*/T) _ , „^  
A U/T') = ^» 
* 
The variation of AG /T with 1/T for micellar solutions in 
presence of different alcohols are shown in figures 7(a) to 
7(e). The slopes and intercepts of these straight lines 
if 
correspond to the activation enthalpy ( A H ) and entropy 
( A s ) respectively for viscous flow. The calculated values 
• H 
c 0 
• H 
+J 
0 
r-i 
0 
n 
M 
§ 
S 
•H 
• 
O 
+ 
CQ 
< 
H 
U 
S 
r - l 
• 
o 
M-l 
0 
• H 
&< 
H 
H 
(U 
r-i 
Xi (0 
trt 
10 
:3 
0 
u 
n 
•w 
> 
0) 
JC 
-P 
U 
0 
M-l 
(0 
<U 
• H 
Cn 
M 
0) 
C 
U 
0) 
0) 
u (^ 
c 0 
• H 
•P 
as 
> 
• H 
+J 
O 
< 
C 
0 
•H 
-P 
(0 
• H 
M 
« 
> 
M 
ro 0) 
C 
i H 
0) 
•P 
M 
0 
<4-i 
'u 
-^' 
(Q 
4J 
C 
V 
u 
>+-l 
0) 
0 
u 
c 0 
• H 
-p 
10 
r H 
0) 
M 
0 
o 
-0 
(0 
CO 
i H 
0 
x: 0 
o 
r-i 
(0 
1 
c 
M-l 
0 
01 
O 
a 9) 
m 0) 
u 
a 
• 
E-i 
\ 
T-i 
JC 
+J 
• H 
> 
,-^  
o 
r -^^  
c 
i H 
M-t 
0 
0) 
o 
O 
<u o 
o 
M X 
in 
ro 
CO 
O 
n 
in 
n 
o 
in 
00 
ON 
CM 
u 
EH 
C 
O 
•H ^ 
•P rH .H 
to O I 
I 
o 
X rH 
ro 
ro 
O 
X • > 
in Js<5 
CM 
ro 
CO 
1 
o 
T-t 
X ' - I 
a\ 1 
a\ .i£ 
CNJ 
m 
r^  CM 
• 
r-< 
m 
CO 
I 
o 
X 
in I 
CO u; 
CO 4 
-P O 
c o 
0) r-H 
o < 
c 
O *t-i 
u o 
01 
o 
E 
vo 
VO 
O i 
a 
• 
o 
in 
CO 
CM 
• CO 
CM 
a\ 
"f 
a\ 
<Ti 
• 
o 
r~ 
CO 
• CM 
O l 
•^  
VO 
ON 
<y> 
• 
o 
vO 
•«t 
(M 
• 
r-
T-i 
o 
CO 
<T» 
CT> 
• 
o 
r-i 
VO 
»-» 
• 
o 
»-t 
ON 
O i 
ON 
ON 
• 
o 
ON 
•* 
VO 
• 
f - l 
i H 
in 
ON 
ON 
• 
o 
CO 
r-
VO 
• CM 
CM 
in 
r-
ON 
ON 
• 
o 
T H 
r~ in 
• CM 
CM 
r~ 
ON 
ON 
ON 
• 
o 
•^ t 
r-{ 
CM 
• CO 
CM 
o\ 
00 
ON 
Ov 
• 
o 
CO 
a\ in 
• 
T-t 
CM 
CO 
00 
ON 
ON 
* 
o 
C7N 
CO 
a\ 
• in 
r - t 
CO 
VO 
ON 
ON 
• 
o 
• * 
rH 
T - ( 
• CM 
• 
• 
« 
• 
•o 
c 
0 
u 
in 
o 
CM 
o 
C 
x: 
u 
t - ( 
in 
<^  
r-
vO 
CO 
CO 
»-» 
. H 
in 
r-
ON' 
CM 
CO 
o 
o o o 
I I I I 
CO 
in 
r-
00 
ON 
• ^ 
•<* 
vO 
• * 
r-
r<i 
CO 
CO 
o 
CO 
o o o o 
CO 
in 
CM 
• * 
T f 
CO c^  •^  
CO 
Tj< 
CO 
• * 
o 
o 
CO 
ON 
CO 
CO 
o CO 
00 
• ^ 
c^  CO 
o o 
TH in 
o o CM 
T H 
-* 
T- l 
VO 
CO 
r i 
CO 
VO 
«H 
r-
00 
o 
CM 
O 
00 
VO 
o 
r H 
o o 
I I I I I 
in ^ ON in 
r- CM CM CM ON VO 
r- CO 00 00 CO CM 
o o o o o o 
00 VO CM 00 
t^ in CO m 00 o 
CM CO •^ CO r^ 00 
TH iH r-l iH O O 
m VO 
o 
t-~ NO 
VO t-
CM ro O O t-( O 
CM CM CM CM rH O 
o 
c 
03 
ft O 
U 
CU 
i 
c 
f H 
o 
• 
o 
m 
o 
• 
o 
in 
in 
o o 
41 
C 
O 
u 
H 
Si 
o 
c 
rO 
-P 
(!) 
I 
c 
GO 
r-Oi 
o\ 
• 
o 
n 
O^  
ON 
Oi 
• 
o 
CD 
r-
a> 
cr> 
• 
o 
CM 
TC 
Oi 
ON 
• 
o 
•^  
00 
ON 
ON 
• 
o 
ir> 
ON 
ON 
ON 
• 
o 
•«J' 
ON 
ON 
ON 
• 
o 
o 
a> 
ON 
ON 
• 
o 
T-t 
VO 
ON 
ON 
• 
o 
in r~ 00 
vo 
r-< 
c< 
.H 
r-
r-
vO 
m 
in 
• * 
en in 
n 
00 
00 
ON 
CM 
\o 
r-
vo 
ON ^ 
CM 
I I I I 
^ 
CN ro 
in 
CM CM O 
•»*• 
• 
C>J 
ON 
CM 
•* 
• 
n 
CO 
CM 
c^  
• 
rH 
•'I' 
ON 
VD 
• 
iH 
ro \0 en 
ON ON ON 
00 ON ON 
ON O* ON 
ON ON ON 
•* 
r-00 
• 
CM 
CM 
VO 
CM 
in 
• 
n 
ro 
r-i 
•^ 
TH 
• 
CM 
•<t 
r-
o 
m 
• 
r-
in 
00 
vD 
• 
»H 
00 
ON 
CM 
• 
r-in 
ro 
T-t 
in 
• 
in 
•^  
in 
ro 
•* 
• 
ro 
«H 
00 
ro 
r^ 
• 
o 
T-i 
CO 
VO 
O 
• 
CM 
• < * ' 
OJ 
CM 
in 
• 
Tj" 
• * 
in 
T-l 
CM 
• 
NO 
Tj< 
r-{ 
in 
CM 
r-
o 
00 
ON 
r-
in 
o 
.H 
00 
ON 
ON 
o 
m 
o 
00 
ro 
o in 
CM 
(N CO 
CM CM CM 
in in 
\o 
vO 
r~ 
• 
T-i 
a\ 
ON 
ro 
t 
o 
fH 
r-CO 
• 
«H 
ON 
in 
r-
• 
ro 
VD 
VO 
• 
• ^ 
r-
r-{ 
ro 
• 
CM 
O 
O 
• 
CN 
c^  
r-
o 
• 
CM 
ro 
• 
VD 
ON 
• 
VD 
in 
• * 
« 
I-t 
t^ 
in 
oq 
• 
CM 
00 
VD 
r-
• 
CM 
00 
in 
in 
• 
o 
•<*• 
T-\ 
CN 
vO 
00 
Tl* 
in 
• * 
'<# 
ON 
in 
CM 
CO 
VO 
CN 
r-t 
ro 
CM 
CM 
VD 
T-( 
r-t 
• 
ro 
in 
• 
r--
in 
1-1 
• 
00 
I I 
t-t in 
o o 
• • 
o o 
tn 
0 
c (0 
-p 
c i) 
0< 
1 
c 
TH 
o 
« 
o 
in 
o 
• 
o 
TH 
• 
o 
in 
CN 
• 
o 
ro 
* 
O 
«H 
0 
c (0 
X 
(U 
X 
1 
c 
T-l 
o 
• 
o 
in 
o 
• 
o 
VO 
o 
• 
o 
M 
43 
o 
E 
"o 
o 
I 
o 
<3 
6 
0 
3-1 3-2 3-3 
- 3 - 1 
( I / T ) / I O K 
O-Orr^  
O - i m 
0-5m 
1-0 m 
2-Om 
3 A 
Fig.7(a) Gibbs - HelmhoUz p lo ts for 0-1 M CTAB +0 -1MKBr 
in presence of ethanoL 
44 
o 
E 
o 
o 
CM 
I 
8 
5h 
2h 
0 
3-1 3-2 3-3 
- 3 - 1 ( 1/T ) / lO K 
(0. lm8.pm) 
(0'01m) 
(0-05m) 
(0-5m) 
A 
1 
A 
1 
A 
u 
(1'Om) 
1 
3-4 
Fig.7(b) Gibbs- Helmholtz p l o t s f o r 0-1M CTAB + 0-1M KBr 
in presence of n - p r o p a n o l 
16 k 
45 
U 
( 0 - 1 ^ ^ 
"o 
E 
o 
u 
CM 
< 
12 
10 
8 
0 
3-1 3-2 3-3 
/ / -3 -1 
( I / T ) / I O K 
( o-OSm) 
(0-Om) 
(O-Olm) 
( 0 ' 5 m ) 
3-4 
Fig.7(c) Gibbs - He lmho l tz p l o t s fo r 0-1M CTAB + 0-1MKBr 
in presence of n - bu tano l 
46 
18 
16 
14 
^ 12 
o 
o 
CM 
I , 
10 -
8 
0 
3-1 
KD-
-O- -O-
3-2 3-3 
, -3 - 1 ( 1 / T ) / 1 0 K 
(O-O^rn^ 
( 0 - l m ) 
(0-01m) 
( O-Orn) 
(0 -25m) 
(0 -3m) 
3-A 
Fig.7(d) Gibbs - He lmho l tz p lots for 0-1M CTAB +0 -1MKBr 
in presence of n - pentanol 
"o 
E 
o 
u 
CNI 
16 
U 
12 
^ 10 
8 
2 -
0 
3-1 
47 
( 0 - 0 6 m ) 
( 0 - 0 5 m ) 
(0-01m) 
(0-Om) 
3-2 3-3 3-4 
( 1 / T ) / 1 0 ^ K ^ 
F ig.7(e) Gibbs - Helmhol tz p lo ts for 0- IM CTAB + 0- IM KBr 
in presence of n-hep<anot 
/^•K 
'-•"• 'jj.Ag;t ,A'^ 
< ^ 
48 
* * 
of AH and AS are tabulated in table-Ill. 
The AH values practically cover the total contri-
bution to AG and, accordingly, the entropic contribution 
is negligible (table-Ill). Further, the observed linearity 
in the In ("H/i9o ) vs 1/T plots also implies that the 
* 
enthalpic and entropic contributions to AG are independent 
of the temperature. The energy involved in transition from 
larger aggregates to smaller aggregates is reflected by 
the AH values which seems to be the more important contri-
bution related to the rupture of cylindrical micelles to 
give smaller aggregates. As the temperature is increased the 
cylindrical micelles are broken and energy is required in 
* 
order that this process takes place and the AH values are 
directly related to it. 
* 
The AG values given in table-II are fairly high in 
of alcohol 
magnitude at low concentration^ t^ and after reaching an 
optimum value further decrease is observed at higher concentra-
tion of alcohol. Two factors may be responsible for high 
if 
values of AG . The Eyring picture of a shear between two 
layers of liquid involves the successive passage of individual 
particles from one equilibrium position to another. Such a 
transfer would be determined by the energy required to create 
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a hole to push back other particles . Free energies ( AG ) 
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are responsible for the creation of such holes in the solvent 
for accepting the smaller broken cylindrial micelles and 
alcohol molecules. The optimum values of this phenomena are 
* * 
reflected in the increased values of AG or AH in figure 8. 
* 
Another factor that contributes to AG is the reorganization 
of the micelles in their transition from larger aggregates 
to smaller aggregates as the temperature is increased. This 
process also requires energy since the transition from larger 
to smaller aggregates implies an increase in miceller surface, 
a new distribution of the alkyl surfactant chains, and 
139 probably a higher ionization degree . This last effect is 
closely related to the repulsion between the micellar head 
groups which favours transition from larger aggregates to 
smaller ones. 
Viscosities of micellar solution at different tempera-
tures (table-Ii) infer that the transition of larger aggre-
gates to smaller ones can not be conceivable in only one 
step but the transition may accur in infinite steps as the 
temperature is increased. We are not in a position to discuss 
this aspect without detailed study of the system by other 
methods. 
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